Abstract. The unique existence of classical solution of initial-boundary value problem for wave equation with a special integral boundary condition is proved in the work. Classical solution of the problem in analytical form is also found in the article. This problem arises at the modeling of electromagnetic fields with arbitrary time dependence when interaction between the field and solids is simulated with impedance boundary conditions.
Introduction
Method of boundary value problems for modelling processes in electrodynamics is strongly connected with formulation of boundary conditions on media interface. Boundary conditions describe interaction processes between field and interfaces and essentially depend on a field time mode and material structure of near-surface layer. Models with impedance boundary conditions on strongly conductive bodies are widely used in applied electrodynamics. Impedance boundary conditions allow us to exclude the field calculation inside bodies. Such an approach is used when material medium of conductive body has complex physical and geometrical structure. In this case exact field calculation inside the body is connected with solution of two-domain boundary-value problem with classical boundary conjugation conditions. A solution of the problem becomes simpler when the effect of body on resultant electromagnetic field is modelled by impedance boundary condition.
Shchukin-Leontovich impedance boundary conditions are used for modelling electromagnetic fields with harmonic time-dependance [2, 7, 13] . In case of arbitrary time-dependance impedance boundary conditions take an integral form [2, 7, 18] . Problems for hyperbolic equations with non-local integral condition are thoroughly examined lately. Articles [3, 4, 5, 8, 14, 15, 16, 17] are devoted to analysis of solvability of non-local problems for hyperbolic equations with integral boundary conditions of different types with respect to space variable.
The purpose of this work is to examine the existence and unique solvability of classical solution of initial-boundary value problem with integral with respect to time boundary condition of special kind and of certain physical meaning and to find this solution.
Definition of Initial-Boundary Value Problem for Wave Equation with Integral with Respect to Time Boundary Condition
Let R 3 be a Euclidean space with fixed Cartesian coordinates Oxyz and basis e x , e y , e z . We put plane screen D = {0 < x < l, −∞ < y, z < ∞}, filled with material with permittivity ε, magnetic permeability μ and conductivity γ = 0 into R 3 space (Fig. 1) . In half-space D 1 (x < 0) medium is characterized by Electromagnetic field satisfies Maxwell's equations:
Electromagnetic field E, H is generated by initial conditions
and given tangential component of electric field on plain
where E 0 = E 0 (x, y, z), H 0 = H 0 (x, y, z) are electric and magnetic field intensity at initial time t = 0; E 1 = E 1 (x, y, t) is vector tangent to plain Γ 2 . We assume that field and medium of half-space D 2 (x > l) do not interact and penetration of electromagnetic field from layer D into half-space D 1 is modeled by impedance boundary condition that does not take into account displacement currents induced in D 1 [2] :
where n = e x is normal to layer D.
It is necessary to find fields E, H that satisfy equations (2.1)-(2.4). Electrodynamic problems with boundary condition (2.4) were studied in [5, 18] .
Let electromagnetic field not depend on space coordinates y, z and vectors E, H, E 0 , H 0 , E 1 be parallel to layer D of the kind:
Taking into consideration this assumption on electromagnetic field structure we transform Maxwell's equations (2.1) to wave equation. Hence we obtain the following scalar initial-boundary value problem with respect to unknown function E(x, t):
Let us find solution of the problem (2.5). We shall change some variables and formulate the problem in the following form.
where
Note that problems for hyperbolic equations with non-local boundary conditions are often considered in literature recently. Particularly works [3, 4, 5, 8, 12, 15, 16, 17] Let us consider auxiliary initial-boundary value problem in domain Ω b = {b < t < b + l/a, 0 < x < l} (see, [6, 9, 10, 11] ).
Problem 2.
It is necessary to find function u (b) ∈ C 2 (Ω b ) that satisfies conditions:
4) exist and satisfy conditions
∂ 3 u (b) (x, t) ∂t 2 ∂x x=0 ∈ L 1 ([b, b + δ 1 )), δ 1 > 0. (3.5)
Let finite limit for the solution exist and have the form
then coincidence conditions are fulfilled for initial and boundary functions in the angular point
and in the angular point (x, t) = (l, b) the following conditions are fulfilled
Proof. Let us proof fulfilment of coincidence conditions at the point (0, b). We consider the first initial condition (3.2) when x = 0 and boundary condition
As u (b) (x, t) is the solution of the problem (3.1)-(3.4) hence
Thus we obtain that
Hence we obtain ϕ
. Let us consider the second initial condition (3.2) when x = 0 and the first boundary condition when t → b
We integrate function G(t) by parts taking into account that
, and thus we obtain
We differentiate derived expression
then coincidence condition (3.9) takes the form
As u (b) (x, t) is the solution of the problem (3.1)-(3.4) then
Hence we obtain that
As g (b) (t) is generally an arbitrary function hence for time derivative
be determined at the point (0, b) we suppose that
. Besides coincidence condition of the second kind should be fulfilled. Let us consider equation (3.1) at the point (0, b). Taking into account the first initial condition (3.2), the first boundary condition (3.3) and expression (3.10) we obtain
Subject to condition (3.12) expression (3.11) takes the form
Let us transform function G (t) integrating it by parts and taking into account that
We differentiate function G (t):
Let us find
As ψ (b) (x) is generally an arbitrary function hence for coincidence condition (3.13) be determined at the point (0, b) when c = 0 we suppose that ψ (b) (0) = 0. Taking into account conditions (3.6) we obtain G (b) = A, and hence condition (3.13) takes the form
Let us prove coincidence condition at the point (l, b). We consider the first initial condition (3.2) when x = l and the second boundary condition (3.4)
Considering the second initial condition (3.2) and the second boundary condition (3.4) we obtain
Second-order coincidence condition should be fulfilled at the point (l, b). Let us consider equation (3.1) at the point (l, b) . Taking into account the first initial condition (3.2) and the second boundary condition (3.4) we obtain
Thus coincidence conditions (3.7), (3.8) are proved.
Let us find the solution of initial-boundary value problem (3.1)-(3.4). We consider characteristics of equation Characteristics divide domain Ω b into four subdomains (see Fig. 2 ):
In each subdomain we solve equation (3.1) under its own boundary conditions.
Lemma 1. We suppose that ϕ
(b) (x) ∈ C 2 ([0, l]), ψ (b) (x) ∈ C 1 ([0, l]), χ (b) (t) ∈ C 2 ([b, b + l/a]), g (b) (t) ∈ C 2 ([b, b + l/a]) and coincidence conditions ϕ (b) (0) = g (b) (b), (3.15) ϕ (b) (l) = χ (b) (b), (3.16) are fulfilled. Then solution u (b) (x, t) ∈ C(Ω b ), u (b) (x, t) ∈ C 2 (D b i ), i = 1,
of initial-boundary value problem (3.1)-(3.4) exists in domain Ω b and takes the form
2 dη -is a probability integral [1] . 
Proof. General solution of equation (3.1) in domain Ω b has the form
Integrating the second equation and solving obtained system we have
where C is an arbitrary constant. Substituting obtained expressions into general solution (3.18) we get solution of the problem (3.1), (3.2) 
we solve problem (3.1) under integral boundary condition (3.3) and condition on characteristic:
General solution of equation (3.1) has the form (3.18). Let us satisfy boundary condition (3.3)
We make two changes of variables in obtained expression: y = ab − at and change in subintegral expression η = ab − aτ then expression takes the form
Let us satisfy condition on characteristic (3.20) . Taking into account coincidence condition (3.15) we obtain
We change variable y = 2ab − 2at in obtained expression then
Substituting expression (3.22) into (3.21) we obtain
Let us integrate expression (3.23) by y in the range from 0 to z
Changing order of integration in double integral and finding inner integral we get
We integrate the second integral by parts. Hence obtained expression takes the form
We multiply expression (3.23) by
and integrate by y from 0 to z
Substituting expression (3.25) into (3.24) we obtain
Equation ( 
Solution of Cauchy problem has the form
then solution of integral equation (3.26) takes the form
Taking into account expression G 4 (z) and performing some transformations we obtain
by parts and marking
we obtain
Performing change of variable z = l + y in expression (3.22) we get
Substituting expressions (3.27), (3.28) into solution (3.18) and performing transformations we derive solution of problem with integral boundary condition
In domain D b 3 we have to solve problem (3.1), (3.4) with condition on characteristic
General solution of equation (3.21) has the form (3.18). Let us satisfy boundary condition (3.4)
Taking into account coincidence conditions (3.16) in condition on characteristic (3.30) we obtain
Performing change of variable y = l + 2ab − 2at in expression (3.32) we get
Taking into account (3.33) in (3.31) and performing change of variable we obtain 
we solve problem (3.1) with conditions on characteristics 
where 
kl a , ϕ [k] (l) = χ kl a (4.7)
